This paper studies the effects of deregulation on the banking industry in an emerging economy using profit-based measures of performance. Using panel data of 83 Indian banks belonging to different ownership groups for the period 1986 to 2005, we find that profit efficiency and productivity declined following deregulation. While public sector banks performed better than private banks in the pre-deregulation period, there was no difference in their performances after deregulation. Foreign and new private banks turned out to have the highest levels of profit productivity. Our results are in contrast with the findings of previous studies that have found significant improvements in efficiency and productivity of Indian banks using cost-based measures of performance.
Introduction
The banking industry, in many economies, has witnessed substantial deregulation from government control especially during the eighties. The impact of deregulation on the performance of banks has been widely studied. 1 However the evidence emerging from a variety of such studies is mixed. For the USA, it has been found that after deregulation, although cost productivity declined, profit productivity increased as a result of improvement in the quality of output (Humphrey and Pulley, 1997; Berger and Mester, 2003) . For some other countries, deregulation was not necessarily associated with improvement in efficiency and productivity, e.g. Spain (Lozano-Vivas, 1998; Kumbhakar et al., 2001) and Portugal (Mendes and Rebelo, 1999) . On the other hand, banking sector reforms yielded positive results in Norway (Berg et al., 1993) , Taiwan (Chen, 2001 ), Korea (Gilbert and Wilson, 1998) etc.
Most of the existing studies pertain to developed economies and evidence for developing economies is few and far between. The few studies that exist for developing economies have mostly concentrated on estimating either technical efficiency or total factor productivity (TFP) or cost efficiency of banks, based on their production or cost functions. In the banking literature it is increasingly being argued that profit maximization under certain circumstances may be a better specification than cost minimization (Berger and Mester, 2003) . Banks may undertake costly ventures in order to benefit in terms of profits. Cost measures may identify such banks as inefficient whereas profit measures may term them as good performers. Accordingly in this paper we assess the performance of Indian banks in terms of profit efficiency and profit productivity, and examine the effects of deregulation on performance.
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Among the few studies that have analyzed bank performance in India, our results are compared and contrasted specifically with two papers. Kumbhakar and Sarkar (2003a) , employing a generalized shadow cost function approach with data for the period 1986 to 1997, found that TFP of Indian banks has increased subsequent to deregulation. Kumbhakar and Sarkar (2003b) , using the technique of stochastic frontier analysis with data for the period 1986 to 2000, observed a rise in cost efficiency. Both these studies found that private banks performed better than the state owned public banks. It would be instructive to complement these results by studying profit performance of Indian banks during this period. The present paper seeks to provide evidence in this direction with an updated data set.
There are some other studies of bank performance in the Indian context, but either their data period is insufficient to study the full impact of deregulation which was initiated in 1992 2 or the econometric methodology does not adequately measure performance. 3 More recently, Shanmugam and Das (2004) used a larger data set to estimate efficiency of Indian banks using various stochastic frontiers. But they too did not study profit performance of banks.
In this paper, based on data for the period 1986 to 2005, our main finding is that performance of Indian banks has declined in terms of profit productivity. This result is in contrast with findings from developed economies. For instance, in the case of USA it has been observed that cost productivity declined and profit productivity improved during the period of deregulation (Berger and Mester, 2003) . We argue that in the case of a developed economy, the markets and business models were already in an advanced state of maturity and development. Hence deregulation of controls unleashed the existing 4 potential in banks to innovate, invest in new technology and offer services of superior quality, thereby improving their profit performance while suffering losses on the cost side due to the additional operating expenditure incurred. However in the case of a developing economy such as India, we expect that deregulation (characterized by freeing up of controls on pricing, expansion, entry etc.) would result in lowering of costs due to adoption of efficient technology but also put a pressure on profits due to the intensification of competition. 4 Our findings are in line with this expectation.
The rest of the paper is organized as follows. Section 2 provides an overview of regulatory changes in Indian banking. Section 3 discusses the stochastic frontier methodology we employ. Section 4 presents the data used in the paper and formalizes the econometric specification. Section 5 and Section 6 are devoted to discussions of the results from the analysis of efficiency and productivity, respectively. Section 7 presents a comparison of our profit based results with the cost based results available in the literature. Section 8 concludes the paper.
Regulatory Changes in Indian Banking
Indian banking industry is characterized by the co-existence of state owned public banks, private banks (incumbents and entrants) and foreign banks. Prior to deregulation, Indian banking was a highly controlled industry. 
Econometric Methodology
The disadvantages of employing standard regression methodology to bank performance studies have been widely documented (see e.g. Berger and Humphrey, 1997) . Since banking industry is characterized by a lot of variation, frontier analysis offers a useful way to assess the relative performance of the banks. In this paper, we use the parametric approach of Stochastic Frontier Analysis which allows for error in the data owing to luck, data problems, or other measurement errors. 5 This technique allows us to examine the performance of individual banks relative to a frontier that is estimated based on the production, cost or profit functions. Banking being a multi-product industry poses difficulties in estimation of a production frontier. Hence we are left with the choice between a cost and a profit frontier. Berger and Humphrey (1997) services. Since quality is difficult to measure, failure to account for the quality of output implies that such costs will show up as cost inefficiency. Thus the profit efficiency or productivity of these banks may be higher than the same measures in terms of cost. This is referred to as the "quality hypothesis" (Berger and Mester, 1997).
It cannot be unambiguously asserted whether Indian banks follow a cost minimization or profit maximization objective and it may be argued that the banking industry has features of both these hypotheses. Subsequent to deregulation, even public banks have become profit conscious as government support through recapitalization has come down considerably and these banks are accessing the capital markets for funds.
This necessitates the presence of a healthy balance sheet. Thus public banks are actively competing with their private counterparts in increasing earnings by attracting customers and marketing innovative products, especially in the retail segment. Therefore it would be appropriate to appraise performance of Indian banks under the profit maximization hypothesis.
There are two models of profit function in the banking literature. We adopt the alternative profit function for the efficiency and productivity analysis in this paper. 7 Growth in the local economies in India is likely to determine the extent of deposit mobilization or lending by a bank. Hence a bank may face a constraint on the output side as it may not be possible to change its output quickly, either through change in size of the portfolio or number of branches. But there may be some amount of flexibility in choosing output prices resulting from gradual deregulation of interest rates.
Banks in India are free to choose all interest rates other than those on saving deposits and small loans. Furthermore, the banking market structure may be characterized neither by full monopoly nor by perfect price competition. This imperfect competition in prices can be best captured by an alternative profit function whereby banks facing an output constraint choose prices to maximize profits. Moreover, the standard profit function requires one to have good data on prices of outputs which is difficult to obtain. To overcome this, often empirical studies use imperfect measures for output prices that can introduce measurement errors in the analysis. In the alternative profit function, prices are choice variables and the profit function depends on output levels which are not only easy to obtain, but also cleanly measured. Based on these reasons, we adopt the alternative profit function to study efficiency and productivity of Indian banks.
Following the stochastic frontier methodology of Battese and Coelli (1995) , the frontier based on the alternative profit function can be specified as follows:
where  it is profit, Y is the output vector and W is the vector of factor prices (all variables are measured in logarithms);the V it are random variables which are assumed to be iid N(0, 
Data and Econometric Specification
For selecting the bank"s output vector, we follow the value added approach (Grifell-Tatje and Lovell, 1996; Berg et al., 1993) that treats both deposits and loans as output. observations. New private banks are the only entrants in this study and since they started operating after deregulation, their data were available only from 1996. 11 Table 1 presents the group-wise means of the key variables used in our study for five different years from our data-set. From this Finally it is noteworthy that very few existing studies have attempted to study performance of Indian banking using profit based measures, e.g. Sarkar, Sarkar and Bhaumik (1998); Bhaumik and Dimova (2004) and Koeva (2003) . All of these studies have used profitability indicators like return on assets and operating profit ratio as dependent variables in regressions involving a host of explanatory variables and ownership dummies. We have argued earlier that regression analysis is not an appropriate technique in the context of the bank performance. So far as we are aware, this is the first study that uses a stochastic profit frontier to study profit efficiency and profit productivity of Indian banks.
We adopt the translog form as our specification for (1) since it provides sufficient flexibility to a parametric function while maintaining parsimony of parameters (unlike the fourier flexible function). The translog function in our case takes the following form: 
). This leads us to normalize profit and input prices by the price of capital before taking logarithms. 12 Next, to model the inefficiency term, we hypothesize that the determinants of bank inefficiency are deregulation, size and nature of ownership. Hence we have the vector it Z  = (T, DEREG, SIZE, PUB, PVT, NEWPVT, Interaction terms), where T is the trend which accounts for change in inefficiency over time. DEREG is a deregulation dummy taking the value one for years 1993 and above, and zero otherwise. 13 SIZE is taken to be log of total assets. PUB, PVT and NEWPVT are ownership dummies that take the value one if a bank belongs to the public sector, private sector and new private sector respectively, and zero otherwise. 
Profit Efficiency Results
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We first present the estimates of the frontier parameters (see Table 2 ) and then discuss our results. Since the main focus of the analysis is on inefficiency and its determinants, we do not discuss the estimated coefficients of the profit function. At the outset it is important to verify whether inefficiency effects are at all present or if they have simpler distributions, which would indicate whether the stochastic frontier model framework is necessary for our analysis. We can do this by first performing a composite test of
The test uses a generalized likelihood ratio (LR) which follows a mixed chi-squared distribution (Coelli and Battese, 1996) . In our case the null hypothesis is rejected (LR test statistic of the one-sided error is 705.93 which is greater than the appropriate mixed-Chi square statistic available in Table 1 of Kodde and Palm, 1986 ).
Hence simple regression estimation would not be adequate and stochastic frontier estimation is necessary. We also test whether the inefficiency effects have a simpler distribution such as half-normal with zero mean. We can do this by testing for 0  = …. = 13  = 0. Again, a generalized LR test rejects the null hypothesis (LR test statistic is 625.12 which is greater than the appropriate mixed-Chi square statistic available in Table   1 of Kodde and Palm, 1986 ). Hence our tests suggest that bank specific inefficiency effects are present and that such inefficiencies are better modeled within a stochastic frontier framework.
Moving on to the behavior of inefficiency, we focus on the last three columns of Table 2 which provide the estimated inefficiency model. The coefficient of T indicates the time behavior of inefficiency prior to deregulation (i.e. when DEREG = 0) and is not significant at the 5 % level. This suggests that profit efficiency of the banking industry did not exhibit any significant trend prior to deregulation. However, to discern the movement of profit efficiency over the entire sample period, we estimated a reduced inefficiency model with T as the only regressor (see Table 3 for the reduced inefficiency models). The positive and significant coefficient of T in the reduced model suggests that the average profit efficiency of the industry did decline over the entire period.
Deregulation did not stop this decline on an average as is indicated by the insignificant coefficient of DEREG*T in a reduced inefficiency model with only T and DEREG*T as regressors (see Table 3 ).
Turning to the role of ownership, we see from Table 2 that the coefficients of the public and private dummies, per se, have statistically significant coefficients. Thus, prior to deregulation (i.e. when DEREG = 0), ownership was important in determining profit efficiency. In fact, the relative values of the coefficients of these dummies show that, public and private banks were the most efficient, followed by foreign banks. For the entire sample period, public banks were more profit efficient than private, new private and foreign banks in this order, as shown by the relative values of the coefficients of the ownership dummies in a reduced inefficiency model with only the ownership dummies as regressors (see Table 3 ).
Having separately studied the roles of deregulation and ownership in affecting
profit efficiency, we now analyze the presence of ownership effects in the impact of deregulation on performance. In other words, we investigate whether the impact of deregulation on performance is different across ownership groups. This can be studied in terms of the full model whose estimates are presented in Table 2 . We observe that all those terms that contain interaction between deregulation and ownership, viz. suggesting that subsequent to deregulation, profit efficiency of public banks did decline.
The impact of deregulation on the other groups were similarly calculated, and the results for foreign banks were similar to those for public banks, viz. that profit efficiency declined subsequent to deregulation, but the profit efficiency of private banks increased after deregulation. The next question we turn to is the role of size in efficiency. We observe that the coefficient of the size variable is negative and statistically significant thereby implying that profit efficiency is higher for bigger banks.
Next we estimate bank-wise efficiency for each year. From this, we compute the group-wise efficiency estimates for each year by taking a simple mean over the constituent banks of each group. 15 These mean efficiencies are reported in Table 4 . From the mean values, we notice that in the years prior to 1993, public banks performed better than the public, new private and foreign banks in that order. T-tests of mean differences of the profit efficiencies confirm this finding at 1 % level of significance. 16 However, subsequent to deregulation, t-tests of mean differences suggest that there was no 16 significant difference in the profit efficiency of public and private banks. In other words, private banks took the lead in improving the quality of their services and therefore were able to close their gap in profit efficiency with public banks. Public banks, however also improved their profit efficiency after 2001 which indicates that they were late in picking up the benefits of deregulation. However, public banks had much higher profit efficiency than foreign banks throughout the sample period, as confirmed by t-tests of mean differences in both the sub-periods of pre and post-deregulation.
The above results can be summarized and interpreted as follows. First, the fall in profit efficiency over time suggests that, compared to those banks that comprised the frontier, profits of the other banks declined. This implies that the intensified competition in the banking industry had the expected effect of reducing profits. While some banks comprising the frontier managed to take the lead in delivering innovative products of superior quality as a response to the increasing competition, most banks took time to adjust to the required reorientation in their business. So most banks could not produce the optimal output combination so as to reap maximum profits and hence moved away from the profit frontier. In fact a similar decline in profit efficiency has also been reported in the case of Japanese banks (Maudos and Pastor, 2001 ) and Spanish banks (Maudos and Pastor, 2003) .
Second, while public banks were more profit efficient than private banks prior to deregulation, their difference was insignificant after deregulation. Before the banking sector reforms, public banks were heavily protected by the government whereas the private banks had to face many restrictions in their operations. This may have led the public banks to be more profit efficient than the private banks. However, in the post-deregulation regime, a level playing field was created for all bank groups. Private banks were able to improve the quality of their products and services better than the public banks (i.e. the "quality hypothesis"). Private banks took the lead in investing in a lot of new areas like setting up ALPM (Advanced Ledger Posting Machine) branches, upgradation of technology, flexible banking hours, online banking etc., which earned them higher revenues that more than made up for the additional costs incurred. The response of public banks was delayed, but they did follow up with superior technology and better quality of services as well, which allowed them to maintain high profit efficiency levels, which was in fact much higher than that of foreign banks. 
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Finally, size appears to positively impact profit efficiency. This suggests that big banks are able to contain costs owing to scale economies and hence exhibit higher profit efficiency. However it may be noted that public banks are generally the bigger banks in India. In fact, the correlation coefficient of PUB and SIZE dummies turned out to be greater than 0.6 in every year, although it has been gradually declining over the years. 17 Hence it may also be possible that the higher profit efficiency of the public banks is being So far we have analyzed profit efficiency. However efficiency and productivity are different concepts and a low value of one does not necessarily imply a low value of the other. For example, productivity measured by TFP can be shown to consist of scale effects and technical change effects, in addition to efficiency growth. Hence, a bank with low efficiency could be reaping scale economies or benefiting from technical progress so as to have a high productivity growth. Thus any study of performance would remain incomplete without an analysis of productivity growth. We turn to this issue in the next section.
Profit Productivity Results
Productivity or TFP of any firm is commonly defined as a measure of output produced relative to input usage. Change in efficiency, as was estimated in the previous section, can be shown to be one of the components of TFP growth. Based on the stochastic frontier (of production, cost or standard profit), Kumbhakar Such a measure of profit productivity would give us a more comprehensive measure of profit performance of banks than simply profit efficiency. Profit productivity measures how productive a bank is in increasing its profit using the employed resources.
The literature provides a variety of similar profit performance measures based on the alternative profit frontier. Humphrey and Pulley (1997) calculated a "profit index" based on the alternative profit function, as the ratio of current profit to the previous period"s profit. Then they decomposed it into effects of "technical change" (the extent of shift of the alternative profit function) and "business environment" (exogenous variables specified 20 in the alternative profit function). They did not have a profit efficiency component in the "profit index" since their alternative profit function did not consider an inefficiency term.
Berger and Mester (2003) defined a measure of profit productivity, based on the alternative profit frontier, which reflects the proportional change in profit over time for a given set of "business conditions" (i.e. exogenous variables specified in the alternative profit frontier). First, they defined change in profit as the product of three components, viz. contributions from change in best practice (or technical change), change in efficiency and change in business environment. Then they defined profit productivity as the product of the first two factors. In logarithm terms, this is the same as defining profit productivity growth as a sum of technical progress and efficiency growth. Kumbhakar et al. (2001) used a profit frontier to estimate productivity growth as "the sum of technical change (shifts in the profit frontier through time, ceteris paribus and change in profit technical efficiency components". Drawing from these studies, in order to study the profit performance of Indian banks, we define profit productivity growth
which is then rewritten as,  PROD is computed in a similar fashion.
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Columns 2 to 4 of Table 5 reports the movement of mean 1  PROD which gives the technical change component. It is evident that there has been a fall in the technical progress component of profit productivity which is associated with a downward shift in the profit frontier. We have argued earlier that this is expected in an industry moving from a regulated to a deregulated regime where greater intensity of competition would drive down profits. Moreover, entry would further intensify the competition, contributing to the squeeze in profits which once again gets manifested in the technological deterioration of the profit function. In other words, during a process of deregulation, the share of each firm in industry profits declines both because more intense competition leads to lower prices and therefore lower profits and because, subsequent to entry, there are more number of firms to share the total pie. The higher 1  PROD values of public banks suggest that this group did better in arresting the decline compared to foreign and private banks (t-tests of mean differences confirmed this). Although the profit productivity levels for new private banks are not strictly comparable with the other groups (since the initial year for this group is 1996), we can see from Table 6 profit efficiency levels, appear to be rapidly improving their performance as compared with private and public banks. New private banks, even though not comparable with the other groups in terms of the profit productivity levels, exhibited rapid efficiency growth as well (see Table 6 ). When we recomputed the indices for all groups taking the base at 1996, new private banks performed the best in terms of efficiency growth.
The  PROD index is reported in columns 8 to 10 of Table 5 . This gives the overall performance of banks in terms of profit productivity. From the reported values, we discern two features. Firstly, profit productivity has fallen over the years for all bank groups. This, as we have already discussed, is expected in a deregulating industry where severe competition from incumbents as well as entrants would lead to a fall in profits.
Secondly, foreign banks appear to have performed better than the public and private 23 banks in terms of profit productivity. T-tests of mean differences in  PROD indicated that foreign banks performed better than the other groups in both the pre and postderegulation regimes. On the other hand, while public banks had higher profit productivity than the private banks in the pre-deregulation regime, the difference was statistically insignificant in the post-deregulation period.
Foreign banks, through the use of innovative revenue generating strategies, appear to have arrested their decline in profit productivity after deregulation better than the other groups. As in the case of efficiency, private banks were able to close their gap in productivity with public banks by taking advantage of the deregulation process. Although the profit productivity levels of new private banks are non-comparable with the other groups, we observe the same falling trend in  PROD for this group as well (see Table   6 ). Taking recomputed indices with base year as 1996 for all groups, new private banks turned out to be the best performers.
Comparison of Profit Results with Existing Evidence
It is useful at this point to compare our results based on the profit function with the As regards ownership, Kumbhakar and Sarkar (2003b) concluded that private banks are more cost efficient than public banks. However we find public banks to be more profit efficient than private banks prior to deregulation and no significant difference in the efficiencies after deregulation. New private banks, starting from low levels of profit efficiency, demonstrated rapid growth and foreign banks exhibited the lowest profit efficiency. 22 Comparison of our profit productivity results with existing evidence on TFP and cost efficiency confirms the "quality hypothesis" i.e. conflicting performances of banks in terms of cost and profit based measures. Kumbhakar and Sarkar (2003a) reported a rise in TFP (based on the cost function) over the period 1986 to 1997. They concluded that private banks had a higher level of TFP as compared with public banks. On the other hand, our results reveal that profit productivity has declined for all bank groups over the period under study. Foreign banks have performed the best in terms of profit productivity, ahead of public banks that in turn did better than private banks at least in the prederegulation period.
In sum, the trend and rankings get reversed to a large extent, when we compare performance of Indian banks in terms of cost and profit based measures. While in a developed and completely deregulated banking industry like in the USA, profit productivity has increased and cost productivity has declined due to banks investing heavily in improving quality (Berger and Mester, 2003) , it is not surprising to find that in a deregulating system such as in India, cost performance improved due to reduction in intermediation costs while profit performance declined due to the effect of competition.
Conclusion
This paper studied efficiency and productivity of scheduled commercial banks in India during the period 1986 to 2005 using a stochastic (alternative) profit frontier. Stochastic
Frontier Analysis gave us estimates of inefficiency and its determinants. Then, using the parameter and efficiency estimates from the frontier, a measure of profit productivity and its components were computed. We observed that there are profit inefficiencies in Indian banking and profit efficiency as well as profit productivity decreased over time. Although public banks had higher profit efficiency and profit productivity than private banks in the pre-deregulation period, the difference was insignificant after deregulation. Foreign banks outperformed all other bank groups in terms of profit productivity as well as its components. We interpreted the fall in profit efficiency and profit productivity over time 26 as a consequence of increased competition in the industry. In this sense, the deregulation policy seems to have achieved the desired results of infusing competition in the banking industry. This should encourage the regulator to remove the remaining policy hindrances to entry and encourage greater competition. Therefore, the recent drawing of a road-map for foreign bank entry especially in light of WTO commitments augurs well for the performance of Indian banking.
The adoption of a profit maximization hypothesis in the paper may be questioned on the grounds that in reality some banks may maximize profits while others may minimize costs. In the absence of a mixing model that can incorporate both hypotheses simultaneously, we have tried to complement the existing cost based evidence with our results based on a profit maximization hypothesis. Admittedly, it would be even more interesting to study performance in a framework where banks with different objectives can be identified and the difference accounted for in the performance measurement. We leave this for our future research.
Footnotes:
1. The value added approach also appears to be intuitively more appropriate for Indian banks for whom deposit mobilization is a key objective. Moreover, considering deposits as output takes into account the quality of services provided by a bank. 14. The only other sector is foreign, which becomes the base for interpreting the ownership dummies.
15. Weighted means do not change the results qualitatively. 
